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http://dx.doi.org/10.1016/j.fjs.2013.Summary Background: In 1973, Lin described a simplified technique of hepatic resection us-
ing his clamp and crush method. It allowed regional vascular control to reduce blood loss dur-
ing parenchymal transection. This technique was aimed at avoiding hilar dissection and
vascular clamping, thereby preventing ischemicereperfusion injury of the remnant liver.
Aims: The objective of our study is to report our experience with Lin’s technique and discuss
its applicability.
Methods: The perioperative outcomes of patients who underwent hepatic resection with or
without Lin’s technique were analyzed. Multiple variables were also used to statistically
compare outcomes between patients with a cirrhotic liver and a noncirrhotic one and results
of performance by junior surgeons (JSs) and an experienced surgeon (ES).
Results: The perioperative outcome in patients undergoing hepatectomy with Lin’s technique
(NZ 18) showed a significantly shorter transection time, lower blood loss, and shorter hospital
stay as compared with patients undergoing hepatectomy without Lin’s clamp (N Z 17). Lin’s
technique was adopted in 29 patients. Eleven and 18 cases were operated on by the JSs and
ES, respectively. The transection time was significantly longer in the JS group. Thirteen pa-
tients had a noncirrhotic liver whereas 16 patients had cirrhosis. There was no statistically sig-
nificant difference in the perioperative outcomes between cases operated on by the JS and ES
and between cases of patients with cirrhosis and those without cirrhosis. There was no inci-
dence of hepatic failure within 90 days.
Conclusion: Lin’s technique offers less blood loss, a shorter transection time, and a shorter
hospital stay. The application of Lin’s technique avoids the need for hilar vascular isolationof Surgery, Kaohsiung Chang Gung Memorial Hospital, 123, Ta-Pei Road, Niao-Sung, Kaohsiung 833,
net.net (C.-C. Wang).
ight ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights reserved.
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Lin’s clamp for safe hepatic resection 43and hilar clamping. JSs can perform hepatectomy with outcomes comparable to those pro-
duced by ESs by applying Lin’s technique.
Copyright ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Surgical resection is currently the curative treatment for
hepatic tumors. It is common for hepatic surgeons to be
confronted with the task of assuring adequate tumor
clearance, minimizing intraoperative blood loss1 as well as
preserving an ample functioning remnant liver. Most com-
mon complications of liver resection include bleeding,
intra-abdominal infection, and postoperative hepatic fail-
ure.1 These events are often serious and even fatal in pa-
tients with liver cirrhosis.2
Over the years, the lowering of operative mortality from
hepatic resections has been achieved, thanks to the ad-
vances in surgical techniques and accumulated experience
in the field.3,4 However, good results are obtained only in a
few major medical centers with modernized facilities and
an advanced medical health system.5,6 Outcomes in less
developed institutions are still unsatisfactory.
Albeit Pringle’s maneuver consisting of total vascular
occlusion or isolation of the glissonian pedicle7e10 has been
successfully employed in hepatic resections; nonetheless,
these methods could potentially result in unexpected
bleeding from a complex hilar dissection, and hepatic
failure from ischemic injury.11,12 Because of the dismally
short-term survival (<90 days), these methods are rarely
used in institutions that deal with a small number of cases.
In 1973, Lin reported the use of a simple clamp and crush
technique to overcome these shortcomings.13,14 The
objective of our study is to report our experience in liver
surgery with Lin’s technique and discuss its applicability.Figure 1 Lin’s clamp has a one-sided serrated edge and a
locker on the tip.2. Methods and patients
From March 2005 to February 2009, hepatic resection with
the use of Lin’s technique was performed in 29 patients for
liver tumor at Kaohsiung Chang Gung Memorial Hospital,
Taiwan. Lin’s clamp was selectively used in patients with
peripherally located tumors regardless of size and the
presence or absence of cirrhosis. All patients with tumors
occupying the liver’s central part (segments 4, 5, and 8),
the entire half lobe, or extending beyond it were excluded
from the use of this technique. All clinical demographic,
perioperative data, and postoperative outcomes of all pa-
tients were collected for statistical analysis. Three junior
surgeons (JSs) performed operations for 11 cases whereas
an experienced (consultant) surgeon (ES) operated on 18
patients. None of the former had had previous experience
in liver surgery other than assisting our senior surgeons in
performing more than 100 hepatic resections with different
methods prior to the use of Lin’s technique. The JSs were
assisted by the ES during surgery. From January 2011 to
October 2012, left lateral hepatectomy without Lin’stechnique (17 cases) were performed at the same institu-
tion. The clinical variables and outcomes were compared
with those of patients who underwent hepatectomy with
Lin’s technique (18 cases).
2.1. Preoperative evaluation
Preoperative diagnoses were based primarily on history and
physical examination, imaging studies, and biochemical
data. Tumor extents were evaluated using a chest X-ray,
abdominal ultrasound, computed tomography (CT), and/or
magnetic resonance imaging (MRI) and hepatic angiography.
Liver functions were assessed by biochemical data including
total bilirubin, serum albumin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), prothrombin time
(PT), international normalized ratio (INR), and indocyanine
green clearance test (ICG test). The extent of surgical
resection was influenced mainly by total bilirubin and the
ICG test.15
2.2. Surgical technique
The abdominal cavity was entered through a reversed L
incision followed by an abdominal exploration to assess the
extent of the tumor and to determine the absence or
presence of metastasis. Mobilization of the liver was car-
ried out by dissection of the falciform, triangular, and
coronary ligaments of the affected lobe. Intraoperative
duplex ultrasound was used to map the tumor and tran-
section line.
In patients using Lin’s technique, the clamp (Fig. 1) was
applied to the affected lobe proximal to the tumor.
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of the clamp and more than 1 cm from the side of the tumor
(Fig. 2). A fracturing technique using a Kelly clamp (Lawton
GMBH & CO.KG Wurttemberger SRT. 23 D-78567 Fridingen/
Germany), Cavitron Ultrasonic Surgical Aspirator (CUSA;
Valleylab, Boulder, CO, USA), and bipolar forceps (Care-
Fusion Germany 318 GMBH Kantstr.33/1 78573 Wurmlimnge,
Germany)wasused for parenchymal transection. All vascular
and biliary components encountered during transection
were ligated and divided. Following removal of the spec-
imen, Lin’s clamp was slightly loosened, and all identified
bleederswere sutured. The hepatic clampwas then removed
after complete hemostasis. No Pringle maneuver, hanging
maneuver, or hilar dissection was performed during the
operation. In 17 patients not using Lin’s technique, 10 pa-
tients received hilar vascular isolation and five patients
received vascular control during parenchyma transection.
2.3. Postoperative care and follow-up
All patients were initially admitted to the Liver Intensive
Care Unit and were carefully monitored for any signs of
bleeding and hepatic failure. They were then transferred to
surgical wards 72 hours later in the absence of any
complication. Liver functions including total bilirubin, AST,
ALT, PT, and INR were checked on the first 3 days, post-
operative days 5 and 7, and then weekly thereafter until
discharge. No patients had complications and the average
hospital stay was 15 days. All patients were followed-up
every 3 months after discharge for surveillance of tumor
recurrence and assessment of liver function.
2.4. Analysis
Variables including the short-term survival rate ( 90 days),
surgical complications, operative time, intraoperative blood
loss, postoperative bilirubin, and hospital stay were used for
statistical comparison between patients using and not using
Lin’s technique, with a cirrhotic and a noncirrhotic liver, and
cases performed by JSs and an ES. Cirrhosis was identified by
gross and histological examination of the adjacent nontumorFigure 2 Lin’s clamp applied to the left lateral segment
medial to the tumor (arrow), with the transection line 1e2 cm
away from the clamp and tumor margin.liver. Histologically, cirrhosis was diagnosed if the fibrosis
score was 5 or greater in the Ishak scoring system.16 The final
diagnoses of the liver tumors were obtained according to
pathological examinations of the resected specimens. Surgi-
cal complications were defined as undesirable events occur-
ring within 30 days following surgery. The transection time
was the amount of time required for parenchymal transec-
tion. The hospital stay indicated the time between admission
and discharge. Continuous variables were expressed as
mean  standard deviation (SD) and range values, while
categorical variable were presented as frequency and pro-
portions values. The difference between groupswas assessed
using the Fischer exact test for binary variables whereas the t
test was employed for continuous variables. Statistical
analysis was performed using commercially available SPSS
software (SPSS version 13.0; SPSS, Inc, Chicago, IL, USA). The
threshold for significance was set at p < 0.05.
3. Results
3.1. Preoperative variables
Among 17 patients undergoing left lateral hepatectomy
without using Lin’s technique, there were 10 males and
seven females with a mean age of 54.9  15.0 years (23e80
years). The preoperative variables were the mean bilirubin
level of 0.67  0.27 mg/dL (0.2e1.2 mg/dL), mean INR of
1.04  0.09 (0.94e1.23), and mean ICG level of
5.53  4.64% (2.2e17.9%). All patients were classified as
Child’s A, and all tumors were located in the left lateral
segment. In Lin’s clamp group, there were 13 males and 16
females with a mean age of 58.04  11.07 years (32e76
years). Preoperative assessment revealed a mean bilirubin
level of 0.83  0.3 mg/dL (0.4e1.7 mg/dL), mean INR of
0.99  0.06 (0.86e1.1), and mean ICG of 10.82  6.94%
(3.8e40.1%). All patients were classified as Child’s A. Four
and 24 tumors were located in the right and left hepatic
lobes, respectively. One patient presented with tumors
located in both lobes of the liver.
3.2. Intraoperative variables
In patients having left lateral hepatectomy without use of
Lin’s technique, the mean transection time and mean blood
loss were 60.59  26.97 minutes (20e123 minutes) and
161.76  133.33 mL (30e500 mL), respectively.
In Lin’s technique group, bilobar hepatic resection was
performed by a JS in one case that involved resection of
tumors occupying segments 2, 3, and 6, while the other 28
cases underwent tumor resection on only one side of the
liver (left side, n Z 24; right side, n Z 4). The mean
transection time was 30.34  12.11 minutes (15e60 mi-
nutes). Mean intraoperative blood loss was
56.21  44.83 ml (20e200 ml).
3.3. Postoperative/pathologic variables
In patients without use of Lin’s technique, the mean bili-
rubin level was 1.09  0.10 mg/dL (0.94e1.36 mg/dL) and
the mean INR level was 1.09  0.10 (0.94e1.36) on
Lin’s clamp for safe hepatic resection 45postoperative day 7. The mean tumor size was
3.87  2.71 cm (1.5e10 cm). The final diagnoses included
eight hepatocellular carcinomas, one cholangiocarcinoma,
one hemangioma, one focal nodular hyperplasia, three
metastatic tumors, one hematoma, and two intra-hepatic
stones. Cirrhosis was identified in seven cases and all of
them proved to have hepatocellular carcinoma.
In patients using Lin’s clamp, the mean bilirubin level
was 0.82  0.49 mg/dL (0.3e2.4 mg/dL) on postoperative
day 7. One patient had a bilirubin level of 2.4 mg/dL 1 week
after surgery, which normalized on postoperative day 15.
The rest of the patients had a normal bilirubin level on
postoperative day 7. Mean INR was 1.04  0.08 (0.86e1.24)
on postoperative day 7. The mean tumor size was
3.71  2.57 cm (1.2e11 cm). The final diagnoses included
hepatocellular carcinoma (16 cases, JS:ES Z 6:10); chol-
angiocarcinoma (1 case, JS:ES Z 0:1); combined hepato-
cellular carcinoma and cholangiocarcinoma (2 cases,
JS:ES Z 0:2); hemangioma (5 cases, JS:ES Z 2:3); focal
nodular hyperplasia (2 cases, JS:ES Z 0:2), metastatic
tumor (2 cases, JS:ESZ 2:0), and angiomyolipoma (1 case,
JS:ES Z 1:0). Cirrhosis was identified in 16 cases and all of
them proved to have hepatocellular carcinoma.
3.4. Survival outcome
There was no operative mortality in this study. One
complication in the Lin’s clamp group resulted from an
iatrogenic bowel injury during dissection of a dense adhe-
sion secondary to previous surgery for an ovarian cancer.
The patient underwent re-exploration, and had small bowel
resection and primary anastomosis on postoperative day 2.
The patient recovered well and was discharged on post-
operative day 34. This complication was unrelated to the
use of Lin’s technique. The mean hospital stay was
21.71  12.14 days (9e56 days) for patients not using Lin’s
clamp and 14.52  5.12 days (10e34 days) for the Lin’s
clamp group. No hepatic failure was observed within 90
days. All the patients survived more than 90 days.
3.5. Comparison between cases without and with
the use of Lin’s clamp
Table 1 summarizes the results between cases without and
with use of Lin’s technique. The background between theTable 1 Summary of differences between cases without and w
Without Lin’s clamp
N 17
Age 54.9  15.0 (23e80)
Transection time (min) 60.6  27.0 (20e123)
Blood loss (mL) 161.8  133.3 (30e50
Tumor size (cm) 3.9  2.7 (1.5e10)
Patient with cirrhosis (%) 7/17 (41%)
Morbidity within 90 days (%) 0
Survival rate at 90 days (%) 100%
Hospital stay (days) 21.7  12.1 (9e56)
Data are presented as n (%) or mean  standard deviation (SD) with
ES Z experienced surgeon.two groups of patients including age, tumor characteristics,
and preoperative liver function was similar. The hepatec-
tomy using Lin’s clamp showed a shorter transection time,
less intraoperative blood loss, and a shorter hospital stay as
compared with hepatectomy without using Lin’s clamp.
3.6. Comparison between cases performed by JSs
and ES
Table 2 summarizes the results between cases performed
by JSs and ES. There were no statistically significant dif-
ferences in demographics, preoperative findings, and
pathologic features between cases treated by JSs and ES.
The transection time was significantly longer in cases
operated on by the JSs. The intraoperative blood loss was
nearly equal in both groups. Likewise, the postoperative
liver functions, length of hospital stay, and survival out-
comes were similar between both groups.
3.7. Comparison between cirrhotic and
noncirrhotic cases
Table 3 shows the summary of results between cirrhotic and
noncirrhotic cases. Cirrhotic and noncirrhotic livers were
identified in 16 (55%) and 13 (45%) patients, respectively.
The results of preoperative total bilirubin and ICG tests
were analogous in both groups. The patient with the highest
ICG (40%) underwent left lateral segmentectomy with a
cirrhotic liver harboring a 6.5-cm hepatocellular carcinoma
in segments 2 and 3. The patient had an uneventful post-
operative course. Although the preoperative and post-
operative INR were significantly higher in patients with
cirrhosis, their levels remained within the normal range.
The tumor’s size in patients with no cirrhosis was signifi-
cantly larger than those with cirrhosis. There was no sig-
nificant difference in the intraoperative blood loss,
transection time, and hospital stay between both groups.
4. Discussion
In 1973, Lin described a simplified technique of hepatic
resection using a clamp and crush method.13,14 This tech-
nique aimed at avoiding hilar dissection and clamping of the
hilar vessels, thereby reducing pretransection blood lossith the use of Lin’s technique.
With Lin’s clamp (ES) p
18
57.6  12.3 (29e76) 0.575
26.8  11.8 (15e59) 0.000
0) 56.1  54.6 (20e200) 0.005




14.4  6.0 (10e34) 0.046
the range in parentheses.
Table 2 Summary of differences between cases performed by junior surgeons (JSs) and an experienced surgeon (ES).
JSs ES p
N 11 18
Preoperative bilirubin (mg/dL) 0.76  0.19 (0.4e1.2) 0.96  0.34 (0.4e1.7) 0.075
Preoperative INR 0.97  0.78 (0.86e1.1) 1.00  0.4 (0.9e1.05) 0.174
Preoperative ICG (%) 8.7  3.6 (5.8e13.5) 11.98  8.1 (4.8e40.1) 0.242
Right liver tumor (%) 3 (16.67%) 1 (5.55%)
Left liver tumor (%) 7 (63.63%) 17 (94.44%)
Bilobar involvement (%) 1 (9.1%) 0
Transection time (min) 36.2  10.6 (23e60) 26.8  11.8 (15e59) 0.04
Blood loss (mL) 56.4  23.4 (30e100) 56.1  54.6 (20e200) 0.989
Bilirubin at PO day 7 (mg/dL) 0.83  0.53 (0.3e2.4) 0.82  0.46 (0.4e2.3) 0.918
INR at PO day 7 1.02  0.11 (0.86e1.24) 1.05  0.62 (0.98e1.18) 0.508
Tumor size (cm) 4.0  2.7 (1.3e10) 3.5  2.5 (1.2e11) 0.643
Patient with cirrhosis (%) 4 (36.36%) 12 (66.67%) 0.119
Morbidity within 90 days (%) 0 1 (5%) 0.44
Survival rate at 90 days (%) 100% 100%
Hospital stay (days) 14.7  3.6 (11e21) 14.4  6.0 (10e34) 0.867
Data are presented as n (%) or mean  standard deviation (SD) with the range in parentheses.
ICG Z indocyanine green clearance test; INR Z internationally normalized ratio; PO Z postoperative.
46 Y.-C. Chan et al.and preventing ischemicereperfusion injury to the remnant
liver (Fig. 3). The clamps were commonly applied either at
the anatomical boundary between the right and left lobe of
the liver when performing right or left lobectomy or at the
line medial to the tumor in a more peripheral segment. This
resulted in an almost bloodless hepatic resection. Accord-
ing to Professor Lin’s publication, thoracotomy was per-
formed on the side of the tumor-bearing lobe for better
mobilization of the liver.13 For applying Lin’s clamp in our
series, thoracotomy was not necessary.
With this technique, we were able to achieve a
remarkably increased short-term survival (100% at 90 days),
a short transection time, and less blood loss obviating the
need for blood transfusion. The only complication in our
series resulted from an iatrogenic bowel injury during
dissection of a dense adhesion and was unrelated to the
procedure. Moreover, none of the patients developed he-
patic failure within 90 days following surgery. We have
found this procedure applicable even in large tumorsTable 3 Summary of differences between cirrhotic and noncirr
Cirrhosis
N 16
Age in years 60.56  9.09 (47e76)
Preoperative bilirubin (mg/dL) 0.88  0.26 (0.5e1.4
Preoperative INR 1.01  0.34 (0.96e1.
Preoperative ICG (%) 12.02  8.09 (3.8e40
Transection time (min) 27.69  9.34 (15e45)
Blood loss (mL) 51.25  41.13 (30e20
Bilirubin at PO day 7 (mg/dL)* 0.92  0.59 (0.4 -2.4)
INR at PO day 7* 1.08  0.61 (1.06-1.2
Tumor size (cm)* 2.88  1.67 (1.2-6.5)
Morbidity within 90 days (%) 1 (6%)
Survival rate at 90 days (%) 100%
Hospital stay (day)* 15.69  6.05 (10-34)
Data are presented as mean  standard deviation (SD) with the rang
ICG Z indocyanine green clearance test; INR Z internationally norm(11 cm or more) occupying the peripheral part of the liver.
Moreover, the technique can be used safely in patients with
a well compensated and marginally functioning (40% ICG)
cirrhotic liver. The result of our analysis showed no differ-
ence in transection time, intraoperative blood loss, and
postoperative outcome in patients with or without
cirrhosis. However, we must emphasize the importance of
appropriate patient selection prior to resection.
This method of hepatic resection can be divided into
several steps, and the technique can be helpful to guide
surgeons in training for parenchymal transection.17 The
designed clamp can be applied easily by a JS himself,
provided that he is under the supervision of an ES, and the
transection can be performed in a bloodless field. Thus,
unanticipated injury from rough transection due to blood
loss can be avoided. Additionally, there would not be
ischemic injury to the remnant liver, even if the transection
time is prolonged. In our results, the transection time in
cases by a JS was significantly longer in comparison to thathotic cases.
No cirrhosis p
13
52.69  14.25 (29e70) 0.082
) 0.89  0.36 (0.4e1.7) 0.882
1) 0.95  0.66 (0.86e1.06) 0.005
.1) 9.23  4.92 (4.8e21.9) 0.301
33.62  14.56 (16e60) 0.195
0) 62.31  50.02 (20e200) 0.519
0.71  0.32 (0.3-1.4) 0.253
4) 0.98  0.67 (0.86-1.08) < 0.005
4.74  3.13 (1.3-11) 0.05
0 0.377
100%
13.08  3.38 (10-21) 0.177
e in parentheses.
alized ratio; PO Z postoperative.
Figure 3 Lin’s clamp applied to the periphery of the right
lobe on a cirrhotic liver. Note the congestion in the area after
clamping off (arrow).
Lin’s clamp for safe hepatic resection 47of an ES but with almost equal blood loss. This apparently
resulted from their lack of experience in liver surgery.
Postoperative outcome was also similar in both groups.
Although all of our cases obviously involved only minor
resections (2 segments), this technique is nevertheless
applicable in hepatic resection in selective cases. Perhaps
theonly technical limitationof this procedure is thedifficulty
of applying the clamp in a bulky right hepatic lobe, for a
tumor located centrally or extensively involving the entire
lobe or more, which leaves no room to place the clamp.
5. Conclusions
Lin’s technique offers less blood loss, a shorter transection
time, and a shorter hospital stay. The application of Lin’s
technique avoids the need for hilar vascular isolation and
Pringle’smaneuver. Lin’s techniquepotentially reduces peri-
operative blood loss by local control during parenchymal
transection and avoids the risk of ischemic injury of the
remnant liver. For ESs, left lateral hepatectomy without
vascular control is associated with a low rate of complica-
tions, but JSs can perform hepatectomy with outcomes
comparable to those of as ES by applying Lin’s technique.
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